Abstract: During 2007During -2013, the Swedish Board of Agriculture granted support within a national program to about 1000 wetlands, corresponding to a 5300-hectare wetland area, with the dual goal to remove nutrients from water and to improve biodiversity in agricultural landscapes. The aim of the present study was to compare the effects on nutrient transports that are realized within the national program to what could be obtained with the same area of wetlands if location and design of wetlands were optimized. In single, highly nutrient-loaded wetlands, a removal of around 1000 kg nitrogen and 100 kg phosphorus per hectare wetland area and year was estimated from monitoring data. Statistical models were developed to estimate the overall nutrient removal effects of wetlands created within the national program. Depending on model, the effect of the national program as a whole was estimated to between 27 and 38 kg nitrogen and between 2.7 and 4.5 kg phosphorus per hectare created wetland area and year. Comparison of what is achieved in individual wetlands to what was achieved in the national program indicates that nutrient removal effects could be increased substantially in future wetland programs by emphasising location and design of wetlands.
Introduction
Management practices to decrease negative impacts of agriculture on water quality involve landscape changes such as buffer strips along streams and creation of wetlands [1, 2] . Increasing the wetland surface area is considered as an important component in stream restoration to improve nutrient retention in watersheds [3, 4] . Creation of semi-natural wetlands to intercept nutrient transports from agricultural fields and to support biodiversity in agricultural landscapes has been done in Sweden on a national level since the 1990s [5] . Initially, wetland creation in agricultural areas in Sweden focused on increasing denitrification on a catchment level as a cost efficient method to reduce the transport of nitrogen to the Baltic Sea [6, 7] . However, the impacts on biodiversity and on phosphorus transports were later added as important benefits obtained through wetland creation in agricultural areas [5, 8, 9] . There is also an increasing awareness worldwide that wetlands provide a multitude of ecosystem services [10] [11] [12] . Different national subsidy programs have been used in Sweden to provide incentives to farmers to create wetlands on their land [5, 13] . According to the Swedish Board of Agriculture, these programs resulted in approximately 3000 created wetlands between 1996 and 2015, comprising a total wetland area of approximately 9000 hectares (ha). The latest national program for wetland creation was within the Swedish Rural Development Program (hereafter denoted to as SRDP), within The aim of this paper is to evaluate the difference between the realized effects on nutrient transports within a national program for wetland creation in agricultural areas (SRDP) and the effects that could potentially be obtained with the same area of wetlands if location and design of wetlands could be optimized (e.g., through improved regulations or stronger support systems). This is done by comparing total nutrient removal levels obtained per created wetland area within the SRDP to what has been achieved in individual wetlands. Continuous automatic water sampling for estimation of nutrient removal has only been performed in a very restricted number of the wetlands created in agricultural field areas in Sweden. Further, estimations of annual phosphorus removal from water monitoring data in individual wetlands receiving water from agricultural fields are problematic due to that phosphorus transports are highly event-driven and concentration covaries strongly with water flow [14] [15] [16] [17] [18] . In this paper, we are approaching these problems. Several studies have shown that in runoff from agricultural fields, phosphorus is transported largely as particulate phosphorus [15] [16] [17] [19] [20] [21] [22] . Therefore, sedimentation is likely to be the predominant phosphorus removal process in wetlands receiving high phosphorus loads [23] [24] [25] [26] [27] . In addition to estimations of nutrient removal in individual wetlands based on water monitoring data, measurements of particulate phosphorus accumulation on sediments [23] were therefore included here. Total nutrient removal levels obtained per created wetland area within SRPD was estimated by using models based on the removal estimates from individual wetlands.
Methods

Nitrogen and Phosphorus Removal in Individual Created Wetlands
Transport and removal of nitrogen and phosphorus were monitored for 1.5-3 years through automatic flow-proportional water sampling in the inlet and outlet of three created wetlands receiving runoff from agricultural fields in southern Sweden. These wetlands represent wetlands with relatively high but different loads of incoming nitrogen and phosphorus, with a water surface area of between 0.22 and 0.4 ha, and receiving water from agricultural catchments of between 60 and 500 ha. Consequently, hydraulic load varied among these 3 wetlands between 61 and 391 m yr −1 . Flow-weighted inflow nitrogen and phosphorus concentrations varied between 7.7 and 10.9 mg Tot-N L −1 , and 22 and 182 µg Tot-P L −1 , respectively. Water was automatically sampled flow-proportionally and transferred to be kept cool in a fridge at the inlet and outlet, respectively, and these composite samples were manually collected for analysis of nutrient concentrations with approximately 10 days intervals.
To increase the number of wetlands with water sampling for estimating nutrient removal, strategic grab sampling was performed in 14 created wetlands located in agricultural areas in south Sweden. The wetlands had water surface areas between 0.14 and 0.66 ha, and were chosen based on earlier studies from which plant and macroinvertebrate species composition as well as basic wetland parameters were known [8] , to reflect the variation in abiotic and biotic ecosystem parameters among created wetlands of the region. This included two of the wetlands with automatic flow-proportional water sampling. Hydraulic load varied among these 14 wetlands between 17 and 326 m yr −1 . Flow-weighted inflow nitrogen and phosphorus concentrations varied between 2.8 and 13.1 mg Tot-N L −1 , and 9 and 475 µg Tot-P L −1 , respectively. "Strategic" refers to that comparatively intense grab sampling was performed in in-and outlets of the wetlands within five different periods during 2 years to include different seasons and water flows. This was expected to give a clearer picture of wetland performance than if a similar amount of grab samples had simply been evenly distributed over time which may create large uncertainties [28] .
Thus, nutrient removal was calculated for 15 wetlands based on automatic flow proportional sampling only (1 wetland), automatic flow proportional sampling and strategic grab sampling (2 wetlands), or strategic grab sampling only (12 wetlands). Annual removal of nitrogen and The difference may cause a "dilution" effect in the wetlands, potentially resulting in overestimations of nutrient removal. However, hydraulic loads in the wetlands were around two orders of magnitude higher meaning than this dilution effect was negligible. Further details on water sampling and estimations of nutrient removal rates are given in Appendix A. For wetlands with automatic flow-proportional sampling, the results from this were used in further analysis. Finally, simple regression models were developed for annual removal of nitrogen as well as phosphorus in relation to annual loads, per wetland area, for the 15 wetlands in which automatic flow proportional sampling and/or strategic grab sampling had been done.
Measurements of particulate phosphorus accumulation on sediments were done in seven created wetlands in a previous study [23] , and one additional created wetland was included here. Sedimentation plates were sampled once per year, and the results interpreted to represent the annual net sedimentation [23] . Finally, a multiple regression analysis was performed to achieve a model for net annual phosphorus accumulation in the eight wetlands. Variables to be tested in the model were retrieved for each of the 8 wetlands as described previously [23] . This included four catchment variables expected to have an effect on phosphorus transport from arable land (average slope of the arable land, clay and P-AL in catchment soils and animal density). Further, the wetland/catchment area ratio, the length/width ratio of the wetlands were included, as well as the modelled hydraulic and phosphorus load. These variables were first analysed through a Pearson correlation and variables that were significantly (p < 0.05) correlated were not included in the same multiple regression analysis. With stepwise exclusion of the least explanatory factor, a final regression model was obtained for estimation of phosphorus accumulation based on certain catchment and wetland characteristics.
Large-Scale Effects of a National Wetland Creation Program
For modelling of nutrient removal effects of the wetlands created within SRDP, basic data (including geographical location and wetland area) were obtained from the Swedish Board of Agriculture for the about 1000 wetland projects that had been granted support within the program [29] . From this database, 60 wetlands were selected for modelling of impact on transports of nitrogen and phosphorus to adjacent surface waters as well as to the Baltic Sea. Wetlands were selected using a stratified selection procedure to represent wetlands of different sizes (wetland area) within the 4 main agricultural (production) areas in south Sweden. For these 60 wetlands, additional information needed for modelling of nutrient removal was retrieved. This included length/width ratio, inlet type (ditch or belowground pipe), annual hydraulic load, and annual nitrogen and phosphorus loads. Annual hydraulic load was estimated from average annual runoff from the wetland's catchment areas according to national hydrological data. To obtain nitrogen and phosphorus loads, hydraulic load was multiplied with concentrations obtained by combining agricultural area of each wetland catchment with annual leakage concentrations of phosphorus and nitrogen from agriculture in the region according to national data [30] .
The removal of nitrogen and phosphorus in each of these 60 wetlands was estimated through two statistical models for nitrogen and phosphorus, respectively. The simple regression models mentioned above, acquired for removal of nitrogen as well as phosphorus in relation to loads for the 15 wetlands with automatic flow proportional sampling and/or strategic grab sampling, were used. Further, the multiple regression model mentioned above for annual net phosphorus accumulation developed based on the measurements on sedimentation plates in eight wetlands was used. Finally, a simple model on the relationship between nitrogen load and removal, used in an earlier evaluation and based on data from automatic time or flow proportional water sampling in six created wetlands in agricultural areas in southern Sweden (Appendix B), was used. To estimate the effects of the wetlands on the transport of nitrogen and phosphorus to the Baltic Sea, we accounted for downstream retention, i.e., how much of the nitrogen and phosphorus removed in each wetland that would not have reached the sea anyway due to removal processes between the wetland and the sea according to model estimates [31] . The removal effects (removal in wetlands as well as the effects of the wetlands on the nutrient transports to the Baltic Sea) per ha created wetland area and year was calculated as total effect/total wetland area of the 60 selected wetlands to represent what was achieved per created wetland area within SRDP.
Results
Nitrogen and Hosphorus Removal in Individual Created Wetlands
Annual nitrogen removal varied among the 15 sampled wetlands between about 20 and 1100 kg nitrogen per ha wetland area ( Figure 1 ). About half (54%) of this variation could be explained by the variation in annual nitrogen load per wetland area as indicated by the regression model. The curvilinear relationship means that relative removal efficiency decreases at higher loads, although the absolute removal seems to continue to increase even at high loads. However, there was also a large variation in nitrogen removal per wetland area between wetlands with similar areal nitrogen loads. Annual nitrogen removal varied, as seen in the figure, from less than 300 up to 1100 kg nitrogen per ha wetland area for wetlands with annual loads of around 10,000 kg nitrogen per ha wetland area. wetlands on the transport of nitrogen and phosphorus to the Baltic Sea, we accounted for downstream retention, i.e., how much of the nitrogen and phosphorus removed in each wetland that would not have reached the sea anyway due to removal processes between the wetland and the sea according to model estimates [31] . The removal effects (removal in wetlands as well as the effects of the wetlands on the nutrient transports to the Baltic Sea) per ha created wetland area and year was calculated as total effect / total wetland area of the 60 selected wetlands to represent what was achieved per created wetland area within SRDP.
Results
Nitrogen and Hosphorus Removal in Individual Created Wetlands
Annual nitrogen removal varied among the 15 sampled wetlands between about 20 and 1100 kg nitrogen per ha wetland area (Figure 1 ). About half (54%) of this variation could be explained by the variation in annual nitrogen load per wetland area as indicated by the regression model. The curvilinear relationship means that relative removal efficiency decreases at higher loads, although the absolute removal seems to continue to increase even at high loads. However, there was also a large variation in nitrogen removal per wetland area between wetlands with similar areal nitrogen loads. Annual nitrogen removal varied, as seen in the figure, from less than 300 up to 1100 kg nitrogen per ha wetland area for wetlands with annual loads of around 10,000 kg nitrogen per ha wetland area. Annual phosphorus removal varied among the 15 wetlands with water sampling by between about 0 and 200 kg phosphorus per ha wetland area (Figure 2) . A large proportion (70%) of this variation could be explained by the variation in annual phosphorus load per wetland area as indicated by the regression model. However, as seen in the figure, annual removal varied from around 0 up to 130 kg phosphorus per ha wetland area for wetlands with annual loads of around 200 kg phosphorus per ha wetland area. Further, one wetland had much higher load as well as removal than the other wetlands and the curvilinear relationship depends on how representative this wetland is for other wetlands with very high loads. Annual phosphorus accumulation on sedimentation plates in the 8 wetlands in which this was measured varied from approximately 10 to 250 kg phosphorus per ha wetland area (Figure 3 ). The wetland "Böl" (as indicated in the figure) is one of the wetlands with automatic flow-proportional water sampling. Net accumulation of phosphorus in the wetland "Böl" was 96 and 71 kg per ha wetland area and year, respectively, during the two years this was measured [23] . This is comparable to the phosphorus removal from water which was 73 kg phosphorus per ha and year according to the automatic flow proportional water sampling in that wetland (the intermediate of the three wetlands with automatic flow proportional water sampling is indicated in Figure 2 ). Annual phosphorus accumulation on sedimentation plates in the 8 wetlands in which this was measured varied from approximately 10 to 250 kg phosphorus per ha wetland area (Figure 3 ). The wetland "Böl" (as indicated in the figure) is one of the wetlands with automatic flow-proportional water sampling. Net accumulation of phosphorus in the wetland "Böl" was 96 and 71 kg per ha wetland area and year, respectively, during the two years this was measured [23] . This is comparable to the phosphorus removal from water which was 73 kg phosphorus per ha and year according to the automatic flow proportional water sampling in that wetland (the intermediate of the three wetlands with automatic flow proportional water sampling is indicated in Figure 2 ). Annual phosphorus accumulation on sedimentation plates in the 8 wetlands in which this was measured varied from approximately 10 to 250 kg phosphorus per ha wetland area (Figure 3 ). The wetland "Böl" (as indicated in the figure) is one of the wetlands with automatic flow-proportional water sampling. Net accumulation of phosphorus in the wetland "Böl" was 96 and 71 kg per ha wetland area and year, respectively, during the two years this was measured [23] . This is comparable to the phosphorus removal from water which was 73 kg phosphorus per ha and year according to the automatic flow proportional water sampling in that wetland (the intermediate of the three wetlands with automatic flow proportional water sampling is indicated in Figure 2 ). 
Large-Scale Effects of a National Wetland Creation Program
The best model from the multiple regression analyses explaining the variation in net annual phosphorus accumulation, among the 8 wetlands with sedimentation plates, included four independent variables: phosphorus load, inlet type (open ditch or drainage pipe), length/width ratio and the hydraulic load (as a dummy variable; 1 = high, 0 = low). The combination of the four factors explained 84% of the variation, and the regression model was: was based on earlier studies in similar wetlands [27] . When the model for phosphorus accumulation was applied to the 60 selected wetlands, it resulted in a calculated phosphorus accumulation that was negative, or that exceeded the phosphorus load, in some wetlands. In such cases, phosphorus accumulation was set to 0 or equal to the load, respectively.
This model for phosphorus accumulation on sediments, the two regression models based on nitrogen and phosphorus removal in 15 wetlands, and the existing simple model for nitrogen removal (Appendix B) were used here for calculating the total removal effects achieved per created wetland area within SRDP based on the 60 selected wetlands. Depending on model used, the average annual removal per ha created wetland area within SRDP was estimated to between 35 and 46 kg nitrogen, and between 3.5 and 6 kg phosphorus, per ha created wetland area ( Table 1 ). The effect of the wetlands on decreased transport of nitrogen and phosphorus to the Baltic Sea was estimated to be between 27 and 38 kg nitrogen, and between 2.7 and 4.5 kg phosphorus, per ha wetland area (Table 1) . 
Discussion
Annual nitrogen as well as phosphorus removal per ha wetland area varied strongly among the sampled wetlands. Part of this variation could be explained by the variation in annual loads per wetland area as shown by regression models. This conforms to earlier studies [5, 6, 23, 32] . Therefore, location of created wetlands on a landscape scale promoting high loads of nitrogen and phosphorus will result in a greater reducing effect on total nutrient transports compared to the situation if the same area of wetlands were to be located where less nutrients are being transported. However, there was also a considerable variation in nutrient removal per wetland area among wetlands with similar areal loads. This emphasizes that there are also other factors that are important to consider for obtaining high nutrient removal in created wetlands in agricultural catchments. These can be factors related to wetland design and biological composition [33] [34] [35] [36] [37] [38] , as well as concentrations and form of the nutrients in inflowing water or other factors related to catchment characteristics [6, 23, 27, 32] . Further studies are needed to identify and evaluate the important factors affecting the nutrient removal efficiency of created wetlands in agricultural catchments.
The average annual removal of nitrogen as well as phosphorus per created wetland area within SRDP is, according to the model calculations, much lower than what can be achieved in individual wetlands according to removal values in some of the sampled wetlands. Since the model calculations are largely based on estimated nutrient loads to the wetlands, this suggests that the effect of wetland creation programs can be increased considerably if wetlands are located where they will receive higher nutrient loads. Further, the models are based on regressions which only explain part of the variation in removal capacity of included wetlands. This suggests that removal efficiency in wetland creation programmes in agricultural catchments can be increased substantially by more explicitly including wetland design and catchment factors affecting the nutrient removal efficiency of created wetlands. However, wetlands within SRDP seemed to be generally well located in relation to the final recipient, i.e., with low down-stream retention between the wetland and the Baltic Sea, since the difference between removal in the wetlands and the effect on decreased transport of nitrogen and phosphorus to the Baltic Sea was relatively small. This enhances the possibilities that the created wetlands will contribute to a decreased eutrophication of the Baltic Sea.
The main purpose with each of the 60 wetlands selected for modelling in this study was stated in the decisions from authorities to grant financial support. Improved biodiversity was included as a main purpose, solely or in combination with nutrient removal, for 37 of the wetlands. Nutrient removal was stated as the only main purpose for the remaining 23 wetlands. The modelled removal of nitrogen as well as phosphorus was substantially higher per created wetland area when nutrient removal was stated as the only main purpose (Table 2 ). This emphasizes the possibility to increase effects on nutrient removal if there is a clear focus on this in wetland creation programs. Table 2 . Removal effects (kg nitrogen or phosphorus per hectare created wetland area and year) in wetlands granted support within the Swedish Rural Development Program 2007-2013, according to model calculations on 60 wetlands within the program, divided on the main purpose with individual wetlands as stated in decisions from authorities. Improved biodiversity was included as a main purpose, solely or in combination with nutrient removal, for 37 wetlands and nutrient removal was stated as the only main purpose for 23 wetlands. The models are designated as in Table 1 .
Main Purpose N1 N2 P1 P2
Improved biodiversity 1 (n = 37) 21 10 1.8 3.9 Nutrient removal only (n = 23) 337 298 30 45
Notes: 1 includes wetlands for which improved biodiversity was mentioned as the sole purpose or in combination with nutrient removal.
This study shows a large variation in the amount of nitrogen as well as phosphorus annually removed per wetland area among wetlands created in agricultural areas in south Sweden. The removal of nitrogen as well as phosphorus in some individual wetlands was more than 10 times higher than what is achieved on average per created wetland area within the national wetland creation program. We conclude that a strict focus on nutrient removal, complemented by guidelines and functional regulations, can substantially increase nutrient removal effects in national wetland creation programs.
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Appendix A
Transport and removal of nitrogen and phosphorus was monitored during 2003-2006 through automatic flow-proportional water sampling in the inlet and outlet of three created wetlands. The water sampler in the inlet as well as the outlet was controlled by the water flow in the outlet, and there were periods with time-proportional sampling due to malfunction of the flow-proportional sampling. This may give systematic effects on estimations of phosphorus loads and removal since concentrations of phosphorus in inlet as well as outlet of the wetlands were related to water flow [17] . Tackling this problem started with simulating hourly concentrations of phosphorus in inlets as well as outlets, based on hourly water flow measurements and regression models for relationships between water flow and phosphorus concentrations in grab samples [17, 29] . Further, buffering of water flow in wetlands will result in more moderate water flow variations in outlets compared to inlets. Simultaneous measurements of water flow in in-and outlets of wetlands during the strategic water sampling described below confirmed this pattern and, based on these data, hourly water flow in the inlet was simulated from hourly water flow in the outlet. Based on these simulated dynamics of water flows and phosphorus concentrations, systematic effects of flow-proportional sampling controlled by outlet water flow, or time-proportional sampling during periods when this was done instead, were modelled and adjusted for in the estimations of phosphorous loads and removal based on the automatic water sampling. Nitrogen concentrations were not significantly correlated to water flow and therefore no similar adjustment was made for nitrogen.
The strategic grab sampling in 14 created wetlands was performed during five different periods of two subsequent years (May, August and November 2005; May and September 2006). Lengths of the periods were adjusted to correspond to the theoretical residence time for water in each wetland, in an attempt to include outflows reflecting inflow events. Periods therefore varied in length between 3 and 27 days. Water was sampled in inlets and outlets in each wetland at 3-4 sampling occasions (different dates) within each period. Except for one wetland with two inlets, the wetlands had one inlet and one outlet. At each sampling date, water flow was measured at both the inlet(s) and outlet if possible, or either the inlet(s) or outlet, of each wetland with a transportable flow meter. The transported mass of nitrogen and phosphorus, in in-as well as outlets of the wetlands, was calculated for each sampling date as the concentration times the water flow. If water flow was measured in inlet(s) and outlet, the mean value was used. Otherwise, water flow in the inlet(s) or the outlet was used for calculating nutrient mass transport inlet as well as outlet. Temporal variations in flow and concentrations within periods were examined to identify sudden changes in concentrations or flows that needed to be taken into account when estimating nutrient removal rates. Based on this, the last sampling date in September 2006 was excluded from the analyses for three wetlands, when inflow concentration of phosphorus more than doubled compared to the preceding sampling date in connection with increased water flow. This exclusion is motivated as there was no subsequent outflow sampling within the period that could reflect the inflow event, and not excluding the data could therefore result in a strong over-estimation of phosphorus removal. Mean loads and removal of nitrogen and phosphorus were calculated for each period, and the average of the five periods was calculated to obtain a measure of annual loads and removal rates for each wetland. However, it was expected that nitrogen removal was over-estimated in the strategic grab sampling due to over-representation of warm periods with relatively high denitrification. Phosphorus loads were expected to be under-estimated as periods with high flows were largely lacking. Therefore, the two wetlands with both automatic flow proportional sampling and strategic grab sampling were used for adjusting the values from the 12 wetlands with only strategic grab sampling to more realistic annual values. Nitrogen removal in the two wetlands with automatic as well as grab sampling was 68 and 28% higher, respectively, according to unadjusted strategic grab sampling compared to automatic flow proportional sampling. Phosphorus load was 37% and 50% lower, respectively, according to unadjusted strategic grab sampling compared to adjusted automatic flow proportional sampling. Based on this, nitrogen removal obtained in the 12 wetlands with only strategic grab sampling was divided by 1.5 and phosphorus loads in inlets as well as outlets were multiplied by 2, to obtain better estimates than by simply using the average of the five periods.
Water samples were kept cool, transported to the lab within 8 h, and stored immediately at −18 • C until further analysis. Total nutrient concentrations (Tot-N and Tot-P) of water samples were analysed by photometric methods using a flow injection analyser (FIAstar, FOSS, Sweden) after digestion to the soluble reactive phases (nitrate/nitrite-N, phosphate-P) achieved by exposure to potassium peroxide (nitrogen) combined with sulphuric acid (phosphorus).
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